©
L

10

15

20

25

30

35

CKET
M

A R

-7-
solution comprises no more than 50 particles >10um in diameter per ml. In one
embodiment, the ophthalmic solution comprises no more than 2 particles >50um in
diameter per mi, no more than 5 particles >25um in diameter per mi and no more than 50
particles >10pm in diameter per ml. In one embodiment, a syringe according to the
invention meets USP789. In one embodiment the syringe has low levels of silicone oil
sufficient for the syringe to meet USP789.

" VEGF Antagonists

Antibody VEGF antagonists

VEGEF is a well-characterised signal protein which stimulates angiogenesis. Two antibody
VEGF antagonists have been approved for human use, namely ranibizumab (Lucentis®)
and bevacizumab (Avastin®).

Non-Antibody VEGF antagonists

In 6ne aspect of the invention, the hon—antibody VEGF antagonist is an immunoadhesin.
One such immuoadhesin is aﬂibercept (Eylea®), which has recently been approved for
human use and is also known as VEGF-trap (Holash et al. (2002) PNAS USA 99:11393-
98; Riely & Miller (2007) Clin Cancer Res 13:4623-7s). Aflibercept is the preferred non-
antibody VEGF antagonist for use with the invention. Aflibercept is a recombinant human
soluble VEGF receptor fusion protein consisting of portions of human VEGF receptors 1
and 2 extracellular domains fused to the Fc portion of human IgG1. It is a dimeric
glycoprotein with a protein molecular weight of 97 kilodaltons (kDa) and contains
glycosylation, constituting an additional 15% of the total molecular mass, resulting in a
total molecular weight of 115 kDa. It is conveniently produced as a glycoprotein by
expression in recombinant CHO K1 cells. Each monomer can have the following amino
acid sequence (SEQ ID NO: 1):

SDTGRPFVEMY SEIPEIIHMTEGRELVIPCRVTSPNITVTLKKFPLDTLIPDGKRIIWDSRK

GFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNTIIDVVLSPSHGIELSVGEKLVLNC

TARTELNVGIDFNWEYPSSKHQHKKLVNRDLKTQSGSEMKKFLSTLTIDGVTRSDQGLY
TCAASSGLMTKKNSTFVRVHEKDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP

EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL

NGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFY

PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHE

ALHNHYTQKSLSLSPG '

and disulfide bridges can be formed between residues 30-79, 124-185, 246-306 and
352-410 within each monomer, and between residues 211-211 and 214-214 between the
monomers.
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Another non-antibody VEGF antagonist immunoadhesin currently in pre-clinical
development is a recombinant human soluble VEGF receptor fusion protein similar to
VEGF-irap containing extracellular ligand-binding domains 3 and 4 from VEGFR2/KDR,
and domain 2 from VEGFR1/FIit-1; these domains are fused to a human IgG Fc protein
fragment (Li et al., 2011 Molecular Vision 17:797-803). This antagonist binds to isoforms
VEGF-A, VEGF-B and VEGF-C. The molecule is prepared using two different production
processes resulting in different glycosylation patterns on the final proteins. The two
glycoforms are referred to as KH902 (conbercept) and KH906. The fusion protein can
have the following amino acid sequence (SEQ ID NO:2): ‘

MVSYWDTGVLLCALLSCLLLTGSSSGGRPFVEMYSEIPEIIHMTEGRELVIPCRVTSPNIT
VTLKKFPLDTLIPDGKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNT
IIDVVLSPSHGIELSVGEKLVLNCTARTELNVGIDFNWE YPSSKHQHKKLVNRDLKTQSG
SEMKKFLSTLTIDGVTRSDQGLYTCAASSGLMTKKNSTFVRVHEKPFVAFGSGMESLVE
ATVGERVRLPAKYLGYPPPEIKWYKNGIPLESNHTIKAGHVLTIMEVSERDTGNYTVILTN
PISKEKQSHVVSLVVYVPPGPGDKTHT CPLCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKATPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEA
LHNHYTQKSLSLSPGK o -

and, like VEGF-trap, can be present as a dimer. This fusion protein and related
molecules are further characterized in EP1767546.

Other non-antibody 'VEGF antagonists include antibody mimetics (e.g. Affibody®
molecules, affilins, affitins, anticalins, avimers, Kunitz domain peptides, and monobodiés)
with VEGF antagonist activity. This includes recombinant binding proteins comprising an
ankyrin repeat domain that binds VEGF-A and prevents it from binding to VEGFR-Z. One
example for such a molecule is DARPin® MP0112. The ankyrin binding domain may
have the following amino acid sequence (SEQ ID NO: 3):

GSDLGKKLLEAARAGQDDEVRILMANGADVNTADSTGWTPLHLAVPWGHLEIVEVLLK
YGADVNAKDFQGWTPLHLAAAIGHQEIVEVLLKNGADVNAQDKFGKTAFDISIDNGNED
LAEILQKAA

Recombinant binding proteins comprising an ankyrin repeat domain that binds VEGF-A
and prevents it from binding to VEGFR-2 are described in more detail in
wW02010/060748 and W02011/135067.

Further specific antibody mimetics with VEGF antagonist activity are the 40 kD pegylated
anticalin PRS-050 and the monobody angiocept (CT-322).
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The afore-mentioned non-antibody VEGF antagonist may be modified to further improve
their pharmacokinetic properties or bioavailability. For example, a non-antibody VEGF
antagonist may be chemically modified (e.g., pegylated) to extend its in vivo half-life.
Alternatively or in addition, it may be modified by glycosylation or the addition of further
glycosylation sites not present in the brotein sequence of the natural protein from which
the VEGF antagonist was derived. '

Variants of the above-specified VEGF antagonists that have improved characteristics for
the desired application may be produced by the addition or deletion of amino acids.
Ordinarily, these amino acid sequence variants will have an amino acid sequence having
at least 60% amino acid sequence identity with the amino acid sequences of SEQ ID
NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3, preferably at least 80%, more preferably at least
85%, more preferably at least 90%, and most preferably at least 95%, including for
example, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, and 100%. ldentity or homology with respect to
this sequence is defined herein as the percentage of amino acid residues in the
candidate sequence that are identical with SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO:
3, after aligning the sequences and introdbcing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any conservative substitutions
as part of the sequence identity. ‘

Sequence identity can be determined by standard methods that are commonly used to
compare the similarity in position of the amino acids of two polypeptides. Using a
computer program such as BLAST or FASTA, two polypeptides are aligned for optimal
matching of their respective amino acids (either along the full length of one or both
sequences or along a pre-determined portion of one or both sequences). The programs
provide a defauit opening penalty and a default gap penalty, and a scoring matrix such
as PAM 250 [a standard scoring matrix; see Dayhoff et al., in Atlas of Protein Sequence
and Structure, vol. 5, supp. 3 (1978)] can be used in conjunction with the computer
program. For example, the percent identity can then be calculated as: the total number
of identical matches multiplied by 100 and then divided by the sum of the length of the
longer sequence within the matched span and the number of gaps introduced into the
longer sequences in order to align the two sequences.

Preferably, the non-antibody VEGF antagonist of the invention binds to VEGF via one or
more protein domain(s) that are not derived from the antigen-binding domain of an
antibody. The non-antibody VEGF antagonist of the invention are preferably
proteinaceous, but may include modifications that are non-proteinaceous (e.g.,
pegylation, glycosylation).
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Therapy

The syringe of the invention may be used to treat an ocular disease, including but not

- limited to choroidal neovascularisation, age-related macular degeneration (both wet and

dry forms), macular edema secondary to retinal vein occlusion (RVO) including both
branch RVO (bRVO) and central RVO (cRVO), choroidal neovascularisation secondary
to pathologic myopia (PM), diabetic macular edema (DME), diabetic retinopathy, and
proliferative retinopathy.

Thus the invention provides a method of treating a patient suffering from of an ocular
disease selected from choroidal neovascularisation, wet age-related macular
degeneration, macular edema secondary to retinal vein occlusion (RVO) including both
branch RVO (bRVO) and central RVO (cRVO), choroidal neovascularisation secondary
to pathologic myopia (PM), diabetic macular edema (DME), diabetic retinopathy, and
proliferative retinopathy, comprising the step of administering an ophthalmic solution to
the patient using a pre-filled syringe of the invention. This method preferably further
comprises an initial priming step in which the physician depresses the plunger of the pre-
filled syringe to align the pre-determined part of the stopper with the priming mark.

In one embodiment, the invention provides a method of treating an ocular disease
selected from choroidal neovascularisation, wet age-related macular degeneration,
macular edema secondary to retinal vein occlusion (RVO) including both branch RVO
(bRVO) and central RVO (cRVO), choroidal neovascularisation secondary to pathologic
myopia (PM), diabetic macular edema (DME), diabetic retinopathy, and proliférative
retinopathy, comprising administering a non-antibody VEGF antagonist with a pre-filled
syringe of the invention, wherein the patient has previously received treatment with an
antibody VEGF -antagonist.

Kits

Also provided are kits comprising the pre-filled syringes of the invention. In one
embodiment, such a kit comprises a pre-filled syringe of the invention in a blister pack.
The blister pack may itself be sterile on the inside. In one embodiment, syringes
according to the invention may be placed inside such blister packs prior to- undergoing
sterilisation, for example terminal sterilisation.

Such a kit may further comprise a needie for administration of the VEGF antagonist. If
the VEGF antagonist is to be administered intravitreally, it is typical to use a 30-gauge x
%2 inch needle, though 31-gauge and 32-gauge needles may be used. For intravitreal
administration, 33-gauge or 34-gauge needles could alternatively be used. Such kits may
further comprise instructions for use. In one embodiment, the invention provides a carton
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containing a pre-filled syringe according to the invention contained within a blister pack, a
needle and optionally instructions for administration.

Sterilisation

As noted above, a terminal sterilisation process may be used to sterilise the syringe and
such a process may use a known process such as an ethylene oxide or a hydrogen
peroxide sterilisation process. Needles to be used with the syringe méy be sterilised by
the same method, as may kits according to the invention.

The package is exposed to the sterilising gas until the outside of the syringe is sterile.
Following such a process, the outer surface of the syringe may remain sterile (whilst in
its blister pack) for up to 6 months, 9 months, 12 months, 15 months, 18 months or
longer. In one embodiment, less than one syringe in a million has detectable microbial
presence on the outside of the syringe after 18 months of storage. In one embodiment,
the pre-filled syringe has been sterilised using EtO with a Sterility Assurance Level of at
least 10°. In one embodiment, the pre-filled syringe has been sterilised using hydrogen
peroxide with a Sterility Assurance Level of at least 10°. Of course, it is a requirement
that significant amounts of the sterilising gas should not enter the variable volume
chamber of the syringe. The term “significant amounts” as used herein refers to an
amount of gas that would cause unacceptable modification of the ophthalmic solution
within the variable volume chamber. In one embodiment, the sterilisation process causes
<10% (preferably <5%, <3%, <1%) alkylation of the VEGF antagonist. In one
embodiment, the pre-filled syringe has been sterilised using EtO, but the outer surface of
the syringe has <1ppm, preferably <0.2ppm EtO residue. In one embodiment, the pre-
filled syringe has been sterilised using hydrogen peroxide, but the outer surface of the
syringe has <1ppm, preferably <0.2ppm hydrogen peroxide residue. In another
embodiment, the pre-filled syringe has been sterilised using EtO, and the total EtO
residue found on the outside of the syringe and inside of the blister pack is <0.1mg. In
anothér embodiment, the pre-filled syringe has been sterilised using hydrogen peroxide,

" and the total hydrogen peroxide residue found on the outside of the syringe and inside of
the blister pack is <0.1mg.

General

The term “comprising” means “including” as well as “consisting” e.g. a composition
*comprising” X may consist exclusively of X or may include something additional e.g. X +
Y. ‘

The term “about’ in relation to a numerical value x means, for example, x+10%.
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